Objective-Heterozygous familial hypercholesterolemia (FH) is the most common genetic disorder associated with premature atherosclerotic cardiovascular disease. Circulating microvesicles (cMV) are released when cells are activated. We investigated whether cMV could provide information on coronary calcification and atherosclerosis in FH patients. Approach and Results-Eighty-two patients (mean of 44±9 years old) with molecular diagnosis of heterozygous FH and asymptomatic cardiovascular disease were investigated. Atherosclerotic plaque characterization was performed by computed tomography angiography, and Agatston coronary calcium score and plaque composition sum were calculated. cMV were quantified by flow cytometry using AV (annexin V) and cell surface-specific antibodies.Of the 82 FH patients, 48 presented atherosclerotic plaque. Patients with atherosclerosis were men and older in a higher percentage than patients without atherosclerotic plaque. FH patients with atherosclerotic plaque showed higher levels of total AV + cMV, cMV AV + from platelet origin, from granulocytes and neutrophils, and cMV AV +/− from endothelial cells than FH-patients without atherosclerotic plaque. Plaque composition sum correlated with platelet-and endothelial-derived cMV, and Agatston coronary calcium score correlated with granulocyte-, platelet-, and endothelial-derived cMV. Receiver operating characteristic curve analyses indicated that the cluster of platelet-, granulocyte-, neutrophil, and endothelial-derived cMV considered together, added significant predictive value to the specific SAFEHEART (Spanish Familial Hypercholesterolaemia Cohort Study) risk equation for plaque presence (area under the curve=0.866, 95% CI, P<0.0001, P=0.030 for the increment of the area under the curve). Conclusions-Endothelial-, granulocyte-, neutrophil-and platelet-derived cMV discriminate and map coronary atherosclerotic plaque and calcification in asymptomatic patients with FH. Liquid biopsy of cMV may be a surrogate biomarker of coronary atherosclerotic plaque burden in FH patients. Visual Overview-An online visual overview is available for this article. 
H eterozygous familial hypercholesterolemia (FH) is the most common genetic disorder associated with increased LDL (low-density lipoprotein)-cholesterol levels from birth onwards leading to premature atherosclerotic cardiovascular disease, being at up to 13-fold increased risk of coronary artery disease (CAD). 1 Recent studies have shown that the prevalence of clinical FH is about 1/200 to 1/300. 2 Coronary atherosclerosis is highly prevalent in asymptomatic patients with FH, 3 but varies considerably across cohorts and individual patients treated as per guidelines, 1, 4, 5 suggesting a significant contribution of additional factors besides LDL-cholesterol to the atherosclerotic burden in these patients.
Circulating microvesicles (cMV) are 0.1 to 1 µm phospholipid-rich blebs released when cells are activated, and are an important part of cell-to-cell communication and signaling machinery. cMV can induce deleterious changes in the expression of substances related to inflammation and oxidative stress, contributing to cardiovascular dysfunction. 6 In addition, cMV contain phosphatidylserine at the outer leaflet, conferring procoagulant activity, 7 thus promoting the development and progression of atherothrombosis. In fact, leukocyte-derived (CD11a + / AV + [annexin V]) cMV correlate with number of atherosclerotic plaques in subjects with evidence of subclinical atherosclerosis in the carotid, abdominal aorta, and femoral arteries. 8 In FH patients, total AV + , CD45 + /AV + , and CD3 + /CD45 + /AV + cMV were found elevated in those patients with lipid-rich atherosclerotic plaques 9 compared with patients with fibrous plaques. In patients with carotid stenosis, leukocyte-derived MV were increased in those patients with unstable plaque compared with patients with stable plaque. 10 However, there is no information on the relationship between cMV and coronary plaque composition.
Despite intensive lipid-lowering therapy (LLT), FH patients show high MV shedding. 9 FH is associated with early onset and greater intensity of subclinical atherosclerotic cardiovascular disease in coronary, carotid, and peripheral arteries. 11 cMV have shown to map magnetic resonance imaging-detected aortic lipid-rich atherosclerotic plaques 9 ; however little is known on the possible effectiveness of cMV to map coronary calcification and atherosclerosis burden. Here, we have hypothesized that cMV will be able to identify the burden of coronary atherosclerosis as imaged by computed tomographic angiography (CTA) in young FH patients; and, additionally, cMV will report on the parental cells involved in the residual risk for atherosclerosis progression in young FH patients treated as per guidelines.
Materials and Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Patients
Eighty-two patients with clinical and genetic diagnosis of FH were randomly selected from the SAFEHEART cohort (Spanish Familial Hypercholesterolaemia Cohort Study) [12] [13] [14] (Materials and methods in the online-only Data Supplement). Local ethics committees approved the study protocol, and all participants gave written consent before participation in the study. The genetic variants investigated were classified as null or defective mutations as previously described. 15, 16 Estimated cardiovascular risk at 5-years was obtained by using the SAFEHEART risk equation 17 which estimates the likelihood to occur fatal or nonfatal myocardial infarction, fatal or nonfatal ischemic stroke, coronary revascularization, peripheral artery revascularization, and cardiovascular death (considered as any death related to cardiovascular disease or derived of cardiovascular therapeutic procedures not described in the previous definitions).
Atherosclerotic Plaque Characterization and Stenosis Grade Evaluation
Atherosclerotic plaque characterization was performed by CTA according to a 17-segment American Heart Association classification, as previously described. 3, 17 Briefly, using a tomographic scanner, 3 mm thick slices were obtained during a breath-holding protocol, and the Agatston coronary calcium score (CCS) was calculated. Coronary CTA was performed using 64-detector row scanners with prospective or retrospective electrocardiographic gating. Every coronary CTA was analyzed by 2 independent experienced readers, blinded to the clinical characteristics of the subjects, in a central laboratory, using axial, multiplanar reformat, maximum intensity projection, and cross-sectional views. In case of discrepancy, a third reader was consulted. Plaque presence was defined as determined in at least 1 segment of the CTA.
The stenosis severity was visually evaluated. A lesion severity score was defined as follows: 0, no stenosis; 1, mild diameter stenosis (<50%); 2, moderate (50% to 70%); and 3, severe diameter stenosis (>70%). Sum of stenosis severity was defined as the sum of the lesion severity in all segments. Plaque composition was classified as follows, according to a new score system designed for this assessment 3 : 0, no plaque; 1, calcified plaque (highly attenuating tissue for >70% of the plaque volume, which could be clearly separated from the contrast-enhanced coronary lumen); 2, mixed plaque (containing both calcified and noncalcified tissue); and 3, noncalcified plaque (low-attenuating lesions that could be clearly separated from the coronary lumen and the surrounding epicardial fat or myocardium). Plaque composition sum (PCS), defined as the sum of all the plaque composition values in all segments, was calculated for each patient. Vessel segments <1.5 mm in diameter were excluded from analysis.
cMVs Isolation and Quantification
Blood samples were collected from patients at the time of CTA (Materials and Methods in the online-only Data Supplement). Five hundred microliters of frozen plasma aliquots were thawed on melting ice for 1 hour and centrifuged again at 1300×g, 10 minutes, at room temperature to guarantee complete cell removal. Then, 250 µL of plasma were transferred to another vial and centrifuged at 20 000×g for 30 minutes at room temperature to pellet cMV. The supernatants were discarded, and the cMV-enriched pellet was washed once with citrate-PBS solution before a second equal centrifugation step was made. Finally, the cMV pellets were resuspended in 100 µL citrate-PBS. Afterwards, 5 µL of washed cMV suspensions were diluted in 30 µL PBS buffer containing 2.5 mmol/L CaCl 2 (annexin binding buffer). Thereafter, combinations of 5 µL of CF405M-conjugated AV, which has high affinity for phosphatidylserine, with 2 specific monoclonal antibodies (1-5 µL each; Table I in the online-only Data Supplement) labeled with fluorescein isothiocyanate or phycoerythrin, or the isotype-matched control antibodies were added in a final volume of 50 µL annexin binding buffer to label and characterize phosphatidylserine -positive cMV with bioactive and biomarker molecules from their parental cells, according to Table I in the online-only Data Supplement. Samples were incubated 20 minutes at room temperature in the dark and diluted with annexin binding buffer before being immediately analyzed on a FACSCanto II flow cytometer.
Acquisition was performed at 1 minute per sample and flow rate was measured before each experiment. Forward scatter, side scatter and fluorescence data were obtained with the settings in the logarithmic scale. The lower detection limit was placed as a threshold above the electronic noise of the flow cytometer. To identify positive marked events, thresholds were also set based on samples incubated with the same final concentration of isotype-matched control antibodies after titration experiments.
AV binding level was corrected for autofluorescence using fluorescence signals obtained with MV in a calcium-free buffer PBS. cMV were identified and quantified based on their forward scatter/ side scatter characteristics according to their size ( Figure I in 18 All buffers were prepared on the same day and filtered through 0.2 µm pore size filters under vacuum to reduce background noise.
Statistical Analysis
Statistical analyses were performed using the SPSS Statistical Analysis System (version 23.0). Results are expressed as mean±SD or n (%) when indicated. Discriminate analysis was performed to determine the type of cMV able to classify patients with and without coronary plaque. 
Results

Patients' Characteristics
Main demographic and clinical characteristics of FH patients are shown in Table 1 . Mean age was 44 years old, 55% were men, and most patients were normotensive and normoglycemic. All subjects were on LLT; mean LDL-C was 137.7 mg/ dL. Men presented more overweight, higher blood pressure, triglycerides and glucose levels, and lower circulating HDLcholesterol and ApoAI. In addition, men had twice the cardiovascular risk at 5-years calculated with the SAFEHEART risk equation, and were on more intensive LLT compared with women. In addition, a higher percentage of men presented coronary atherosclerosis ( Figure 1 ) and thus, higher PCS and sum of stenosis severity (Table 1) , although no significant differences were observed in CCS between men and women. There were no differences in the amount of cMV according to age or sex. 
Atherosclerotic Plaque, Calcification, and Stenosis Grade
An atherosclerotic plaque compromising the arterial lumen was found in 48 out of 82 patients (58%). Main demographic and clinical characteristics of patients with and without atherosclerotic plaque are presented in Table 2 . Patients with atherosclerotic plaque were older, presented more overweight, a higher median 5-year CV risk, quantified with the SAFEHEART risk equation, and were receiving more intensive LLT (defined by maximum statin dose, maximum LLT, and potency of LLT) compared with patients without coronary plaque. Figure 1 depicts that patients with atherosclerotic plaque were men in a higher percentage. Overall patients with atherosclerotic plaque were a mean of 10 years older, but the differences in age were more pronounced for men with and without CAD (a mean of 14 years of difference, P<0.0001) than for women (mean of 6.5-years of difference, P=0.027). In fact, men without atherosclerotic plaque were a mean of 4 years younger than women without plaque (P=0.003), although no statistical differences were observed in the age of men and women with coronary atherosclerosis. Within patients with or without coronary plaque, no significant differences in the amounts of cMV were observed according to sex. No differences in cMV levels were observed according to the type of mutation. Severity of CAD did not affect cMV.
cMVs and Lipid Lowering Therapy
Discriminative Ability of cMVs for Presence of Atherosclerotic Plaque
Within measured cMV, discriminative analyses revealed that endothelial-derived cMV (CD62E ) were able to discriminate FH patients with atherosclerotic plaque (Table 3) . When these cMV were analyzed as a clustered model by creating predicted probabilities, they were able to properly classify 70.1% of patients according to the presence of atherosclerotic plaque, with a 79.1% sensitivity and 45.8% specificity (P=0.004).
cMVs, Atherosclerotic Plaque Burden, Calcification, and Stenosis Grade
Despite receiving a more intensive LLT treatment and for a longer period of time, FH patients with atherosclerotic plaques had significantly higher levels of endothelial-derived cMV (CD62E (Table IV in the online-only Data Supplement). As depicted in Figure 3 , when patients were divided by tertiles of PCS (PCS=0-14, n=29; PCS=15-17, n=26; and PCS≥18, n=24), they showed increased levels of these cMV in the upper tertiles.
CCS Results are expressed as mean±SD or n(%) when indicated. P from the comparison between males and females (t test and χ 2 test for quantitative and qualitative variables, respectively). Cardiovascular risk was calculated using the specific SAFEHEART risk equation, which estimates the likelihood to occur fatal or nonfatal myocardial infarction, fatal or nonfatal ischemic stroke, coronary revascularization, peripheral artery revascularization, and cardiovascular death (any death related to cardiovascular disease or derived of cardiovascular therapeutic procedures not described in the previous definitions). Maximum statin dose, maximum combined therapy, maximum lipid-lowering therapy, and LLT potency have been calculated according the method described by Pérez de Isla et al. 17 Plaque composition sum, defined as the sum of all the plaque composition values in all segments, was calculated. Plaque composition was classified as follows, according to a new score system designed for this assessment: 0, no plaque; 1, calcified plaque (highly attenuating tissue for >70% of the plaque volume, which could be clearly separated from the contrast-enhanced coronary lumen); 2, mixed plaque (containing both calcified and noncalcified tissue); and 3, noncalcified plaque (low-attenuating lesions that could be clearly separated from the coronary lumen and the surrounding epicardial fat or myocardium). Vessel segments <1.5 mm in diameter were excluded from analysis. Sum of stenosis severity was defined as the sum of the lesion severity in all segments, defined as follows: 0, no stenosis; 1, mild diameter stenosis (<50%); 2, moderate (50% to 70%); and 3, severe diameter stenosis (>70%).
CAD indicates coronary artery disease; CVD, cardiovascular disease; HDL, high-density lipoprotein; and LDL, low-density lipoprotein. 
Prognostic Validity of cMVs for the Prediction of Atherosclerotic Plaque
To evaluate the predictive power of cMV for coronary plaque presence and calcification degree, ROC-curve analyses were performed for total AV + cMV, CD41a As depicted in Figure 5 , granulocyte-, neutrophil-, and endothelial-derived cMV predicted plaque calcification, 
Discussion
In the era of precision medicine, the identification of new biomarkers to better characterize and individualize cardiovascular risk prediction in FH patients remains as one of the major challenges. This emphasizes the importance of clinical prospective registries linked to a biobank such as the SAFEHEART cohort. 19 This study was aimed to investigate if cMV in blood could provide information on coronary calcification and atherosclerosis thus providing new information on the residual CAD risk, independent of classical risk factors and clinical indicators, in a small cohort of genetically and molecularly defined FH without clinical cardiovascular disease. Some studies have investigated the relationship between peripheral artery atherosclerosis and the levels of cMV [9] [10] [11] ; however, this is the first study investigating whether peripheral blood cMV can provide direct information of coronary atherosclerosis. In FH patients the coronary arteries are the most frequently affected arteries, 20 even though they are under LLT as per guidelines. LLT decreases MV shedding from platelets, endothelial cells and leukocytes. 21 However, FH patients have increased levels of cMV compared non-FH peers, 9, 22 indicating that long term exposure to high levels of LDL induces a chronic cell activation, and therefore highlighting the implication of these specific cMV in coronary atherosclerosis despite the more intensive use of statins in these patients. Here we show that the presence of coronary atherosclerotic plaque is associated with higher levels of total AV + cMV, and cMV originated from platelets (CD41a ) in peripheral blood, a direct indication of chronic activation of these cells in the HF patients. Activation of these cell lineages accelerates the atherothrombotic process. From all cMV quantified, endothelial-, platelet-, granulocyte-, and neutrophil-derived cMV are the most related to atherosclerosis progression and plaque calcification in FH patients. In fact, we have previously shown that patients who suffered a myocardial infarction with cardiogenic shock have increased levels of platelet-, granulocyte-, and neutrophil-derived cMV compared with patients with myocardial infarction without cardiogenic shock, 23 and ST-segment-elevation myocardial infarction patients show increased levels of platelet-derived cMV compared with non-ST-segment-elevation myocardial infarction patients, even 2 to 8 weeks after suffering an acute myocardial infarction. 24 In addition, in ACS patients higher release of MV from neutrophils has been observed after percutaneous coronary intervention, potentially reflecting the importance of these cells in vulnerable lesions. 25 Taking into account these considerations, increased MV shedding may both reflect the cause and effects of CV events.
PCS reflects total atherosclerotic burden and is a surrogate marker of coronary plaque stability. 3 Usually, high PCS, implies higher proportion of noncalcified arteries (which are more prone to rupture), and thus higher the risk of an acute coronary syndrome. However, our patients presented mostly calcified plaques. Nevertheless, FH patients who suffered an event after 0.5-years of the CTA showed higher PCS, CCS, and sum of stenosis severity scores than patients without a CV event after the follow-up. 3 In Japanese FH patients, coronary plaque burden was significantly associated with future coronary events beyond classical risk factors. 26 PCS positively correlated with platelet-derived cMV, indicating the active involvement of platelets in atherothrombogenesis. Platelet-derived CD41 + cMV have been shown to be elevated in postinfarcted patients with atherosclerosis in 3 or more locations compared with patients with atherosclerosis in < 3 locations. 27 Previous findings from our group, showed that these cMV were elevated in FH patients independently of the atherosclerotic burden. 22 However, patients with lipid-rich 2 test for quantitative and qualitative variables, respectively). Cardiovascular risk was calculated using the specific SAFEHEART risk equation, which estimates the likelihood to occur fatal or nonfatal myocardial infarction, fatal or nonfatal ischemic stroke, coronary revascularization, peripheral artery revascularization, and cardiovascular death (any death related to cardiovascular disease or derived of cardiovascular therapeutic procedures not described in the previous definitions). Maximum statin dose, maximum combined therapy, maximum lipid-lowering therapy, and LLT potency have been calculated according the method described by by Pérez de Isla et al. 17 Plaque composition sum, defined as the sum of all the plaque composition values in all segments, was calculated. Plaque composition was classified as follows, according to a new score system designed for this assessment: 0, no plaque; 1, calcified plaque (highly attenuating tissue for >70% of the plaque volume, which could be clearly separated from the contrast-enhanced coronary lumen); 2, mixed plaque (containing both calcified and noncalcified tissue); and 3, noncalcified plaque (low-attenuating lesions that could be clearly separated from the coronary lumen and the surrounding epicardial fat or myocardium). Vessel segments <1.5 mm in diameter were excluded from analysis. Sum of stenosis severity was defined as the sum of the lesion severity in all segments, defined as follows: 0, no stenosis; 1, mild diameter stenosis (<50%); 2, moderate (50%-70%); and 3, severe diameter stenosis (>70%). *Nonsignificant when adjusted for age. CVD indicates cardiovascular disease; CAD, coronary artery disease; HDL, high-density lipoprotein; and LDL, low-density lipoprotein. plaque at the aorta or the carotid showed increased levels of cMV, 9 and cMV from total (CD41 . 22 We did not observe differences in activated platelet-or leukocyte-derived cMV levels or profile according to plaque composition in the coronary artery as detected by CTA. On the contrary, Sarlon-Bartoli et al 10 were increased in patients with carotid unstable plaque compared with patients with stable plaque, measured by histological analysis after thromboendarterectomy. In patients with coronary plaques we observed the opposite; the higher the calcification degree (and thus, the higher the atherosclerotic burden), the higher the granulocyte-derived cMV levels observed. This may be attributed to the fact that, within patients with atherosclerotic burden, only 5 (10%) patients present lipid-rich plaque in 1 segment and 1 patient in 2 segments of the coronary tree, and oppositely, 95.8% of patients (n=46) present >3 segments with calcified plaque and 20% of patients present >5 segments of calcified plaque. The fact that about 96% FH patients presented calcified coronary plaques could be partially attributed to the statin treatment. 28 This has also been observed in other FH cohorts, with early coronary calcification in patients below 45-years old, 29 and associated to higher risk of coronary heart disease. 30 In addition, cMV profile may differ according to the vessel that presents atherosclerosis. Platelet-derived cMV have been shown to be decreased in postinfarcted patients with atherosclerosis in coronary, carotid, and peripheral arteries compared with patients with atherosclerosis in 1 or 2 arterial locations. 27 Moreover, in that study, plaque composition was determined by aortic-magnetic resonance imaging. In the present study, plaque composition was quantified by CTA, which may partially explain the dissimilar results found in both studies considering FH patients with similar clinical characteristics.
Noncalcified composition is associated to unstable plaques, and calcified plaques are usually stable plaques unless the calcification is spotty. 31 However, CCS, a calcification burden score, has also been related to increased incidence of CV events, 32, 33 and a more advanced stage of atherosclerosis. 34 As discussed above, PCS correlated with endothelial-and platelet-derived cMV, and CCS, correlated mostly to cMV originated granulocytes, neutrophils, and endothelial cells. This is in accordance to Jayachandran et al, 35 who observed increased levels of CD62E + MV in early menopausal women with coronary artery calcification. Low levels of cMV may be associated with lower degree of vascular inflammation associated to the progression of atherothrombotic disease, as shown in the ROCcurve analysis. In fact, considering all types of cMV related to coronary calcification and atherosclerosis, properly predicted plaque presence in FH patients. In addition, FH patients with higher coronary atherosclerotic burden are at increased risk of CV events, demonstrating that cMV from endothelial cells, platelets and granulocytes are surrogate markers of CV risk. In asymptomatic patients, no significant difference existed in AV + , platelet-derived and endothelium-derived MV levels between subjects with moderate to high Framingham risk score and those with low Framingham risk score, 8 indicating that cMV levels may be a more accurate predictor of cardiovascular disease than the Framingham risk score in subjects with specific CV burden as previously observed. 36 It is worth mentioning that the Framingham risk score and the SAFEHEART risk equations are based in Cox regression models and the present analyses are based on logistic regression. However, if we take into consideration the specific SAFEHEART risk equation, 17 the cluster of cMV significantly improved the discriminative potency for plaque presence, even taking into consideration that FH patients have high basal levels of cMV, Sensitivity, specificity and P value from the discriminative analysis. Used markers are described in Table I in the online-only Data Supplement. *Cutoff values for plaque presence from each MV are detailed in Table IV and that cMV are highly sensitive but moderately specific as biomarkers of coronary atherosclerosis. Therefore, increased MV shedding may reflect the burden of integrated and cumulative effects of traditional risk factors leading to a cardiovascular event. This is important in the grounds that among patients with CAD or other atherosclerotic diseases the frequency of FH is significantly higher than in general population, and these patients are at particularly elevated risk of recurrent events, 37, 38 and given the fact that intervention strategies at the preclinical stage are more likely to confer CV benefit. cMV in patients with atherosclerosis in the aorta or carotid arteries were previously investigated in FH patients. 9, 10, 22 In this study, we have investigated whether peripheral blood cMV could also provide direct information of coronary atherosclerosis. Interestingly, the liquid biopsy of cMV maps the presence of coronary atherosclerosis in FH patients. Because of the lack of standardization, cMV measurement is yet a research tool. In the near future liquid biopsies on MVs may become a noninvasive quantitative method, with negligible risk for the patient. In contrast, although CTA is able to detect and quantify (somehow subjectively) the calcium in the coronary artery wall and the luminal stenosis, as well as to analyze the plaque composition characteristics, CTA requires contrast injection and radiation exposure, and there are controversies in the criteria of indications, cost-effectiveness, contraindications, risks, and benefits. 39 However, standardization of MV measurement is urgently needed to be able to compare measurements from different laboratories.
This study has some limitations. This is a cross-sectional study and thus of associative nature and lacking on data on hard CV endpoints. The study is performed on a well characterized genetically selected population consisting of 82 FH patients. Therefore, the results cannot be extrapolated as yet to other high CV risk population subsets. In addition, the SAFEHEART risk score of FH patients is still waiting external validation. 17 There was a relatively low number of coronary plaque cases, and patients presented mostly calcified coronary plaques; therefore, we could not compare the cMV profile according to plaque composition. Although flow cytometry is the most widely method used for MV quantification and characterization, the methodology of this new area of research requires further development. At present our quantification limit is 0.1 to 0.3 µm of particle size, which characterizes MV and excludes exosomes; thus, the MV populations below 100 nm are not considered in this study. cMV can carry markers from nonparental cells because it is possible that they suffer remodeling in the circulation and further investigation will be needed to fully characterize microvesicle cargos. Finally, the molecular cargo of these MV was not analyzed in this study and it is presently being investigated. ) and the SAFEHEART risk equation considered together. The cluster of cMV adds predictive value for plaque presence to the specific SAFEHEART risk equation. The SAFEHEART risk equation, estimates the likelihood to occur the first 1 of the following: fatal or nonfatal myocardial infarction, fatal or nonfatal ischemic stroke, coronary revascularization, peripheral artery revascularization, and cardiovascular death (any death related to cardiovascular disease or derived of cardiovascular therapeutic procedures not described in the previous definitions).
In conclusion, a high proportion of young asymptomatic FH subjects exhibit early-calcified coronary atherosclerosis. Increased endothelial-, granulocyte-, neutrophil-, and plateletcMV release characterize coronary atherosclerotic plaque and calcification in statin-treated asymptomatic patients with FH, contributing to the increased risk of a major CV event. The quantification of these cMV may be useful to identify more severe phenotypes of FH patients, potentially allowing the early detection of coronary atherosclerotic plaque in these patients. Monitoring cMV levels, and the development of therapeutic strategies to decrease their release may contribute, together with the LLT, to delay the onset and progression of atherosclerosis in FH patients and improve their prognosis. Finally, these cMV may be surrogate biomarkers of coronary calcification in FH patients. + cMV at a cutoff point of 1 cMV/µL plasma predicted plaque calcification with 56.3% selectivity and 65.5% specificity, and CD62E + /AV +/− cMV at a cutoff point of 77 cMV/µL plasma predicted plaque calcification with 66.7% selectivity and 57.1% specificity.
